The production of citrus fruit in Spain generates more than 0.5 million tons of waste. This is mainly due to rejects when packing fresh fruit and the waste generated by processing industries. That is the reason why an important challenge for the citrus sector is the use of this waste to unlock its economic value and eliminate the environmental problems that it may generate. The Instituto de Ingeniería de Alimentos para el Desarrollo (IuIAD) at the Universitat Politècnica de Valencia (UPV) has developed a system for transforming citrus waste into bioethanol and high value-added products such as essential oils. The purpose of this study was to find the most appropriate sites to implement a bioethanol industry from citrus waste. A spreadsheet was developed from the industrial design for transforming citrus waste into bioethanol. This spreadsheet allowed us to calculate the bioethanol mass flow from a known oranges, tangerines, lemons and limes and grapefruits flow waste. Total waste of the main citrus producers was estimated as the sum of the rejects when packing fresh fruits and the wastes generated by processing industries. Total waste value (oranges, tangerines, lemons and limes and grapefruits) was multiplied by the ratio between mass flow and citrus waste flow in order to calculate the bioethanol production in each country. The results suggest that Brazil, USA, Mexico, China, India and Italy would be the most appropriate countries to implement a bioethanol industry from citrus waste.
INTRODUCTION
The use of petroleum-based sources of energy causes both environmental and economic concerns. Energy consumption has increased considerably in recent years as the world population grows and more countries have become industrialized (Sun and Cheng, 2002) . This, together with the stagnation of fossil fuel reserves, has led to rising oil prices. In addition, fossil fuels generate greenhouse gas emissions which are responsible for the climate change. As a result, the search into renewable, sustainable and environmentallyfriendly energy sources such as biomass has been encouraged. According to several authors, transportation fuels such as bioethanol or biodiesel seem to be the most suitable alternative in the short-term (Alvira et al., 2010; Sun and Cheng, 2002) .
Bioethanol is a renewable fuel that can be obtained by fermenting sugar-rich, amylaceous or lignocellulosic biomass of different origin (Gonzalez-Garcia et al., 2009; Mussatto et al. 2010) However, sustainability of current production of bioethanol has become controversial due to the fact that it mostly relies on energy crops such as corn or sugarcane. This debate has caused an increasing interest in lignocellulosic biomass as an alternative for bioethanol production since it does not compete with food and it is usually less expensive than other agricultural feedstock (Alvira et al., 2010) . Agricultural, industrial or forestry wastes are in this group and appear as a potential source for low-cost bioethanol production (Sun and Cheng, 2002) .
In particular, up to 1,28x10 8 tons of citrus were produced worldwide in 2011 (FAOSTAT, 2011) and around 50% of the raw material becomes waste consisting of discarded fruits, peels, seeds and segments membranes (Braddock, 1999) . This is mainly due to rejects when packing fresh fruits and the waste generated by processing industries. This waste contains high concentrations of biodegradable and suspends solids which cause a serious pollution problem if they are not disposed of properly because of their high Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). However, this lignocellulosic material contains polysaccharides such as cellulose, hemicellulose and pectin, as well as several mono and disaccharides, the main ones being glucose, sucrose and fructose which are easily-fermentable by Saccharomyces cerevisiae to produce ethanol (Wilkins et al., 2007) . The Institute of Food Engineering for the Development at the Polytechnic University of Valencia (Spain) has developed a system for transforming citrus waste into bioethanol, purified water, cattle feed and high valueadded products such as essential oils. The aim of this study was to find the most appropriate sites to implement a bioethanol industry from citrus waste. For this purpose, the present study was focused on the system developed by the Institute of Food Engineering for the Development and specifically on the biofuel production line.
MATERIALS AND METHODS Developing a calculation basis for the industrial design
First a process diagram based on the citrus by-product industrial plant designed by the IuIAD was drawn up. Then a calculation basis for oranges, mandarins, limes and lemons, and grapefruits was created considering the material and energy balances of each stage of the process.
Calculation of ratios
In order to calculate the bioethanol production ratios for each type of citrus fruit, the quotient between bioethanol mass flow output and citrus by-product inflow to the plant was calculated. Both values were obtained from the calculation basis for each citrus fruit.
Calculation of total waste from major citrus-producing countries
The waste generated by oranges, mandarins, lemons and limes and grapefruits was calculated for each of the world's twenty major citrus-producing countries. To that end we established that the waste generated by each of type citrus fruit was equal to the sum of fresh produce withdrawals and industry by-products.
Fresh produce withdrawals are due to the existence of citrus fruits that have sustained wastage due to plant diseases, pathologies or other reasons or which do not meet minimum quality standards for marketing. Since all citrus fruits behave in the same way, i.e. have similar respiration rates and therefore the same wastage percentages, Alfonso et al. (2010) set a ratio of 0.02 of citrus fruit withdrawn to citrus fruit produced based on a range of literature sources and checking with the industry (MARM, 2008; MARM, 2006) .
To calculate the by-product generated by the industry, the amount of citrus fruit used for fresh packing was determined for each country and product. This quantity was multiplied by 0.21 for oranges, by 0.12 for mandarins and by 0.11 for the rest of citrus fruits based on Alfonso et al. (2010) criterion.
Calculating the potential volume of bioethanol for each citrus-producing country
This involved multiplying the waste mass of each citrus product by the ratio between the bioethanol outflow and the inflow of each by-product to the plant obtained from the calculation basis. The total volume of bioethanol for each citrus-producer country was obtained by adding up the total volume of bioethanol for each type of citrus fruit. Finally the countries were sorted in descending order in terms of the amount of bioethanol that could be produced.
RESULTS AND DISCUSSION Developing a calculation basis for the industrial design
To draw up the industrial design diagram for the plant in Figure 1 , both the line for the production of bioethanol from the liquid phase of the pressed citrus waste and the line for producing animal feed from the press cake were considered. Firstly, the citrus waste was mixed in a hammer mill with 0.6% (w/w) of Ca(OH) 2 to enable double pressing with a hammer press. The resulting solid phase was dried to obtain pellets while the liquid phases from the first and second pressing were mixed in a third tank and water, nutrients, sulphuric acid, steam and S. cerevisiae were added. The final mixture fermented for 50 hours at 30°C. The fermented product was diverted into a first and a second distiller at atmospheric pressure using indirect steam from which bioethanol at 80% (v/v) and vinasse and bioethanol at 96% (v/v) and water were obtained respectively. The vinasse was concentrated to 45° Brix in a WHE (Waste Heat Evaporator). The concentrate was collected in a storage tank from where it was pumped to the cake before the first and second pressing to make them easier.
[Position of fig 1]
To calculate the mass flow rate of bioethanol at 96% (v/v) from each citrus waste, the concurrent design of all the equipment was integrated in a single calculation basis considering the material and energy balances found at each stage. In addition the industrial plant was designed to process 35 tonnes of citrus waste per hour. Finally, the calculation bases were developed considering all these premises and the physicochemical characteristics of each waste, i.e. its fermentable and non-fermentable soluble solids, insoluble solids and water content. Figure 2 shows the calculation basis of orange waste in which known flow and composition data were entered in the shaded boxes. The uncoloured boxes were for the composition and mass flow rate data of each of the products in the process stages obtained from the material and energy balances.
[Position of table 1] Table 2 summarized the ratios between the bioethanol mass flow rate obtained for each of the citrus wastes using the calculation basis and the waste input mass flow rate to the plant.
Calculation of ratios

[Position of table 2]
Calculation of total waste from major citrus-producing countries Table 3 summarized the tonnes of oranges produced and by-products generated by the industry together with fruit wastage for the 20 major orange-producer countries in 2011 (FAOSTAT, 2011) . It was found that the amount of available waste is very high in countries such as Brazil and USA, which both produce large quantities and have major juice industries (USDA, 2010) . Other countries such as India, Mexico and Italy also had higher available waste than Spain, which in the case of Italy was also due to its large processing industry (ISTAT, 2010; MARM, 2010; USDA, 2010) . Finally other countries with less available waste than Spain such as China, Indonesia and South Africa also topped 100.000 tonnes per year.
[Position of table 3]
The production and processing values for the major mandarin producer countries in 2010 (FAOSTAT, 2011) were shown in table 4. It was found that, in general, these figures are lower than those for oranges (FAOSTAT, 2011) and hence there is less available waste. Furthermore only China had considerably more available waste than Spain due its higher production. Behind Spain with lower waste figures were Mexico, Brazil, Japan, Turkey and Egypt, all with more than 20.000 tonnes of mandarin waste.
[Position of table 4] Table 5 summarized the production (FAOSTAT, 2011), processing and total amount of waste values for lemons and limes in 2011. Here Argentina, Mexico and the USA were significantly ahead due to their high production (FAOSTAT, 2011) and the size of their processing industries (USDA, 2010), while India also recorded high volumes due to its large production (FAOSTAT, 2011) .
[Position of table 5]
Finally grapefruit production (FAOSTAST, 2011), processing and total waste values for 2011 were shown in table 6. In this case the USA was in the lead due to its major processing industry, followed by China, Mexico and South Africa (USDA, 2010).
[Position of table 6]
Calculating the potential volume of bioethanol for each citrus-producing country Table 7 summarized total potential bioethanol production from each type of citrus fruit waste and the total. Both Brazil at more than 164.106 litres per year and the USA with over 87.106 litres per year far exceeded Spain's potential for producing bioethanol from citrus waste. Other countries such as Mexico, China and India, albeit with potential bioethanol figures lower than Spain's, might be potential candidates for setting up bioethanol production from citrus waste. Other countries such as Argentina, South Africa, Italy, Greece, Egypt, Indonesia, Turkey, Iran and Pakistan have less potential for producing bioethanol from citrus waste, but all of them exceeded 3.000 litres per year of bioethanol. Finally Peru, Syria, Cuba, Colombia and Thailand are countries whose potential bioethanol production from citrus waste was greater than 1.000 litres per year.
[Position of table 7]
CONCLUSIONS
Brazil and the USA would be the most appropriate countries to implement a bioethanol industry from citrus waste because of their big citrus production and their strong orange juice industry.
Mexico, China, India and Italy would be strong candidates to implement a bioethanol industry with an estimate production between 10x10 6 and 17x10 6 l/year. Most of the bioethanol production would be from oranges except in China because of the big processing industry cannery and juice and production of tangerines. Argentina, South Africa, Greece, Egypt, Indonesia, Turkey, Iran and Pakistan would have an estimated lower bioethanol production between 3x10 6 and 7x10 6 l/year.
Most of bioethanol production would be from oranges except in Aregentina because of her lemons and limes industry. Peru, Syria, Cuba, Colombia and Thailand would be minor candidates to implement a bioethanol industry from citrus waste because of their lower production and processing industry. Sources:
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